There is increasing evidence that a variety of neoplasms including breast cancer may result from transformation of normal stem and progenitor cells. In the past, isolation and characterization of mammary stem cells has been limited by the lack of suitable culture systems able to maintain these cells in an undifferentiated state in vitro. We have recently described a culture system in which human mammary stem and progenitor cells are able to survive in suspension and produce spherical colonies composed of both stem and progenitor cells. Recent observation that adult stem cells from other tissues may also retain the capacity for growth under anchorage independent conditions suggests a common underlying mechanism. We propose that this mechanism involves the interaction between the canonical Wnt signal pathway and E-cadherin. The Wnt pathway has been implicated in normal stem cell self-renewal in vivo. Furthermore, there is evidence that deregulation of this pathway in the mammary gland and other organs may play a key role in carcinogenesis. Thus, the development of in vitro suspension culture systems not only provides an important new tool for the study of mammary cell biology, but also may have important implications for understanding key molecular pathways in both normal and neoplastic stem cells.
INTRODUCTION
The isolation and characterization of tissue specific stem and progenitor cells has gained impetus due to the important insights that their study can provide into normal development and carcinogenesis. Adult stem cells are defined by their capacity for self-renewal and differentiation into cell lineages present in a specific tissue (1, 2) . Self-renewal ensures the propagation of the stem cell compartment, which in turn sustains morphogenesis, tissue repair and maintenance. Differentiation generates the specialized cells that form each organ and ensure its normal serial transplantation studies (4, 5) . Evidence for the existence of adult mammary stem cells and the strategies employed for their isolation and characterization were thoroughly reviewed in several recent papers (6, 7) . The focus of this review will be on the development of methods for the cultivation of adult mammary stem/progenitor cells and the potential application of these systems in stem cell biology.
IN VITRO PROPAGATION OF NORMAL STEM CELLS IN SUSPENSION CULTURE
Ideally stem cells are purified by isolation directly from tissue to avoid any artifacts introduced by in vitro manipulation (2) . Purification of the stem cells is based on finding a number of morphological and molecular traits, including surface antigens, that distinguish them from all the other cells in the tissue of interest (8) . Most stem cell enrichment/purification protocols rely on fluorescenceactivated cell sorting (FACS) or magnetic immunosorting and use sets of antibodies against cell surface proteins. When the molecular signature is not known, which is the case for mammary stem cells, the task of isolating the stem cells involves a tedious process of screening large numbers of putative markers to identify the ones that co-segregate with functional attributes of stemness. As a minimal working definition, these attributes include self-renewal and ability to generate differentiated progeny. In vivo generation of a functional tissue is the ultimate proof of "stemness" of any candidate marker. However, screening large numbers of candidate markers in in vivo transplantation assays in order to find the stem cell signature is impractical. On the other hand, until recently, the lack of a cultivation system that allows for the propagation of mammary progenitors in an undifferentiated state has precluded the testing of self-renewal in vitro.
We have developed a culture system, based on previous work in neural stem cell biology, which overcomes this inability of previous systems to maintain and propagate mammary stem and progenitor cells. In 1992 Reynolds and Weis published a study in which they showed that neural cells isolated from the subventricular zone of rat embryos can proliferate in suspension culture, clonally generating spherical colonies, which they termed neurospheres (9) . A clonal analysis of neurospheres demonstrated that 20% of these cells, proliferating in vitro in response to EGF and bFGF stimulation, were capable of both self-renewal and differentiation along multiple lineages, the defining characteristics of stem cells (10) . Two years later the same group showed that neural stem/progenitor cells from adult animals have the same ability to propagate in vitro as neurospheres (11) . Since then, numerous studies utilizing cells derived from either the central or peripheral nervous system, from embryonic and adult tissue showed that the ability to generate neurospheres in vitro correlates with the number of stem cells in the tissue of origin (12) (13) (14) . Implanted into the nervous system of an animal host, neurospheres generate cells that selfrenew as well as differentiate and contribute to the various cellular compartments of the recipient animal's brain (12, 13) . Therefore, these cells are capable of self-renewal and multilineage differentiation, both in vitro and in vivo. This experimental system has been an extremely useful tool in neural stem cell biology. It was used as an in vitro model for early development (15,16) , to identify factors involved in cell fate determination and to unravel signaling pathways active in stem and early progenitor cells (17) (18) (19) . A series of studies utilized this system for comparative transcriptional profiling in order to identify gene expression changes underlying self renewal or lineage specific differentiation (20) (21) (22) (23) . Moreover, neurospheres were utilized in a number of in vivo studies to repair neuronal loss in mice with spinal cord and sciatic nerve injuries and in rat models with ischemic cerebral cortex (24) , partial Parkinson's disease (25) and Huntington's disease (26) . These studies demonstrated successful engraftment, migration to the site of the lesion and differentiation of sphere-derived cells into functional neurons with variable degrees of behavioral and anatomical recovery. These results make the case for the potential use of these progenitor cells, propagated in vitro in suspension culture, in repairing damaged tissue in vivo. The neurosphere culture is also routinely used now to assess the enrichment of stem cells in experiments using cell sorting for identifying markers of stem cells (12, 13) . Neurosphere formation was also used to assess the size of the stem cell population in neural tissue of genetically manipulated mice in experiments aiming to investigate the role of genes such as BMI (23) , PTEN (27) , LIF and Notch (28, 29) in self-renewal.
NONADHERENT MAMMOSPHERES
Recently we adopted the suspension culture as a strategy for the in vitro enrichment and propagation of human mammary stem/progenitor cells (30) . Based on the model of neurospheres, we hypothesized that a small population of mammary cells with stem cell properties would be able to survive and proliferate in the absence of attachment to an exogenous substratum. We developed a culture system in which human mammary epithelial cells, isolated from reduction mammoplasties, are cultured on a non-adhesive substratum in serum-free medium in the presence of EGF and/or bFGF. Under these conditions the vast majority of cells undergo "anoikis." This term specifically applies to the apoptosis of nontransformed cells which occurs in the absence of anchorage to a substratum. We hypothesized that anoikis was a property of differentiated cells, but that stem cells could survive anchorage independent conditions. Consistent with this hypothesis, we found that approximately four in 1000 freshly isolated cells are able to survive and proliferate, and form multicellular spheroids. We termed these spheroids "mammospheres" by virtue of their resemblance to neurospheres cultured from primary neural cells. As is the case for neurospheres, we demonstrated that mammospheres are highly enriched in undifferentiated cells, as demonstrated by the ability of single cells isolated from mammospheres to generate multilineage colonies when cultured in the presence of serum on a collagen substratum which promotes their differentiation ( Fig. 1(a) ). Primary mammospheres contain eight times more bi-lineage progenitor cells than freshly cultured human mammary cells. Secondary and later passaged mammospheres consist of virtu- ally 100% bipotent progenitors. Furthermore, the majority of bipotent progenitors are able to generate colonies that contain all three lineages of the adult mammary gland, myoepithelial, ductal epithelial, and alveolar epithelial cells. We have also shown that mammospheres contain cells capable of clonally generating complex functional structures in reconstituted 3-D culture systems in Matrigel (Figs. 1(c) and 2).
Self-renewal of a cell population within mammospheres was demonstrated utilizing an assay in which single cells from mammospheres are able to generate second and later generation spheres ( Fig. 1(b) ). We demonstrated that mammospheres were clonally generated using retroviral marking. Furthermore, we demonstrated that mammospheres derived from these passaged cells also have multipotent differentiation potential. These results resemble those reported for neurospheres (10, 31) and are consistent with a model in which the mammosphereforming cell represents a mammary stem cell which undergoes limited self renewal and then gives rise to mammary progenitors still capable of multi-lineage differentiation (32) . Clonal experiments in which spheres were grown from single cells and single mammospheres were passaged, suggest that one or two self-renewal divisions are involved in the formation of a single mammosphere. This limited number of self-renewal divisions is in agreement with the majority of studies involving adult stem cells, which indicate that expansion of the adult stem population does not readily occur ex vivo, presumably due to asymmetric cell kinetic divisions that result in a large number of progenitors and differentiated cells and a small fixed number of stem cells. Our findings indicate that mammary stem cells are contained in the small population of cells that are anchorage independent and survive suspension culture to proliferate and differentiate into mammary progenitor cells (30) .
To determine if the ability of cells to form mammospheres correlates with enrichment in progenitor cells, we tested the sphere formation capability of the side population (SP) of mammary epithelial cells (30) . SP represents a subpopulation of cells capable of excluding dyes, such as Rhodamine and Hoechst, due to the expression of transporter proteins, such as BCRP (breast cancer resistance protein) and P-glycoproteins (33) . It has been shown that the SP fraction of hematopoietic and neural cells contains the long-term repopulating stem cells (34) . This phenomenon has also recently been demonstrated for mouse mammary cells with SP properties, which can regenerate the gland upon transplantation (35) . In our study SP and non-SP staining population from uncultured cells were separated by FACS and placed in suspension culture. Only cells contained in the SP fraction were capable of mammosphere formation in suspension culture as well as generation of multilineage colonies on collagen substrata (30) . In order to assess the cellular composition of mammospheres we used immunostaining with markers specific for the differentiated mammary cells of luminal epithelial (ESA, Muc1, cytokeratin 18) and myoepithelial lineages (CD10, ASMA, cytokeratin 14, alpha 6 integrin). Some of these markers were identified in previous studies as being associated with bi-potent progenitor cells (ESA, alpha 6 integrin) (36, 37) or mammary stem/progenitor cells (cytokeratin 5). Mammospheres contained cells positive for alpha 6 integrin, cytokeratin 5 and CD10, ESA and cytokertain 14 (30) . ER and PR expression was also detectable by immunostaining in mammospheres and in colonies generated from mammospheres plated on a collagen substratum. A subpopulation of the ER positive cells was also positive for the Ki67 proliferation marker, indicating that these cells can divide in vitro. After 5-7 days of cultivation on a collagen substratum ER expression was no longer detected, suggesting that it is downregulated during differentiation in vitro (unpublished observations).
We have recently found that, when transplanted in the cleared mammary fat pad of NOD/SCID mice, mammospheres generated limited outgrowths with the morphological and cellular characteristics of a human mammary ductal alveolar structure (Figs. 1(d) and 2). As few as 500 transplanted mammospheres (10,000-25,000 cells) generated outgrowths, in the absence of human fibroblasts. Improved engraftment was obtained by using mammospheres combined with human mammary fibroblasts, as described by Kuperwasser et al. (38) . Titration experiments will be required to determine the absolute enrichment in gland reconstituting activity of mammosphere derived cells.
We have utilized the mammosphere cultivation system to delineate signaling pathways involved in cell fate specification of mammary stem/progenitor cells, such as Notch and Sonic Hedgehog (32) . Using assays for in vitro self-renewal and differentiation that we developed with this system, we showed that Notch signaling regulates cell fate decisions in the mammary gland at several distinct developmental stages. Notch activation increases selfrenewal of mammary stem cells, as well as acting on progenitor cells to promote the adoption of the myoepithelial cell fate at a later step, during differentiation. Sonic hedgehog pathway also appears to have a role in regulating self-renewal of mammary stem cells, probably also interacting with the Notch pathway.
Based
CANCER STEM CELLS AND TUMOR SPHERES
We and others have recently proposed a model in which mammary carcinogenesis is driven by tumor stem cells derived from mutated adult stem or progenitor cells (7, 42) . This model is based on the widely accepted concept that cancer arises through a series of mutations that may occur over many years. Since adult stem cells are slowly dividing, long-lived cells with a high proliferative capacity, they are able to accumulate the multiple mutations that occur during carcinogenesis (1, 42) . Being exposed to damaging agents over long periods of time, they can accumulate and propagate the mutations induced by the genotoxic agents. These transformed stem or progenitor cells can in turn become "cancer stem cells," which maintain or acquire functional properties present in normal stem cells, including the capacity for selfrenewal and differentiation. Mutations accumulated in the "cancer stem cell" disrupt the tight control of these stem cell functions, ultimately leading to deregulation of self-renewal, which drives the process of tumorigenesis, and to aberrant differentiation, which generates the cellular heterogeneity found in tumors. The existence of cancer stem cells was first demonstrated in hematologic malignancies and, more recently, in solid tumors (43) (44) (45) (46) . In a previous review we analyzed in more detail the functional characteristics shared by normal stem cells and cancer cells, such as capacity for self-renewal, ability to differentiate, active telomerase, activation of antiapoptotic pathways, increased membrane transporter activity, anchorage independence and ability to migrate (4) . Comparing the transcriptional profile of stem/early progenitor cells with that of more differentiated cells of the mammary epithelium, we proposed that the former more closely resembles that of cancer cells than the latter. This observation suggests an underlying molecular circuitry that makes stem cells more readily transformed than differentiated cells. A key event in transformation may be the deregulation of pathways such as self-renewal, which are already active in stem cells.
Direct evidence for the existence of cancer stem cells was first provided by the work of John Dick's group in hematological malignancies (43) . They demonstrated the presence of a cancer stem cell population in human leukemias, representing a very small fraction of the total leukemic population, which was capable of transferring the disease to immunosuppressed mice. Furthermore, leukemic stem cells shared the expression of phenotypic markers with normal hematopoietic stem cells. Based on these studies, they proposed that different leukemic phenotypes resulted from particular mutations in hematopoietic stem cell populations, which resulted in aberrant differentiation of these cells (43, 47) .
In collaboration with Clarke's group we recently presented evidence for the existence of human breast cancer stem cells (45) . Flow cytometry was utilized to separate subpopulations of cells based on their surface marker expression. A subpopulation of tumor cells, with the phenotype CD44 + CD24 − lineage-, which possesses highly tumorigenic characteristics, was thus identified. The tumorigenic subset, representing a minority of the total cellular population within a tumor, was defined by the same markers in the majority of tumors examined. As few as 200 of these cells consistently formed tumors in NOD/SCID mice. In contrast, the bulk of the tumor, which contained cells with different cell surface phenotypes, failed to form tumors even when tens of thousands of cells were injected. In order to determine whether this experimental system merely selected for a highly tumorigenic subset of cells, the phenotype of tumors produced in NOD/SCID mice by the prospectively isolated tumorigenic cells was analyzed. The results showed that the small population of tumorigenic cells was able to regenerate the entire phenotypic heterogeneity found in the initial tumor. These findings support a stem cell model of carcinogenesis, in which a small population of tumorigenic cells, with definable phenotype, is able to give rise to more tumorigenic cells as well as the bulk tumor population, without tumorigenic properties. Hence, the tumorigenic stem cells, like their normal counterparts, are able to undergo both self-renewal and differentiation. The existence of a cancer stem cell phenotype in brain tumors has also been suggested by two groups that utilized in vitro cultivation of brain tumor cells in suspension, as neurospheres (46, 48) . Singh and coworkers used this experimental system to identify cancer stem cells from various human brain tumors (46) . Their study showed a correlation between the self-renewal capacity of cancer stem cells, demonstrated by sphere formation, and the clinical aggressiveness of the brain tumors from which these cells were derived. They also demonstrated that these cancer stem cells from brain tumors had the ability to generate differentiated progeny in vitro, similar to the tumor from which the cells were isolated. Most recently, they have shown that brain cancer stem cells, expressing the neural stem cell marker CD 133 are able to form tumors in NOD/scid mice, whereas CD 133 negative cells are not (47) . Moreover, when injected into animals, CD 133+ cells generated heterogeneous tumors composed of both CD 133+ and CD133− cells. Interestingly, only CD 133+ cells were capable of forming neurospheres.
Thus, as we have previously demonstrated for breast cancer, the stem cell model of carcinogenesis also applies to brain cancers.
HOW DO STEM CELLS AVOID "ANOIKIS"-A THEORETICAL MODEL
A fundamental question is whether the anchorage independence of normal stem cells is merely an in vitro phenomenon. Does the molecular mechanism responsible for this property also play a role in stem cell behavior in vivo? We will further speculate on this latter possibility and propose a mechanism that might coordinate proliferation and survival during stem/progenitor cell differentiation with cell-cell adhesion and integration into mature tissue architecture. Survival of single cells in suspension culture involves survival in the absence of cell-matrix interaction and cell-cell interactions.
Cell-Matrix Interactions
Our analysis of mammosphere showed the presence of matrix molecules including tenascin, decorin and laminin (30) . Interestingly, decorin and tenascin are present in the embryonic mammary gland, while laminin is also present in the basement membrane of the adult gland, suggesting that mammosphere formation may recapitulate some of the events that occur during embryonic and early mammary development in vivo. It appears that the cells that escape anoikis, represented mainly by stem cells and possibly early progenitor cells, synthesize and deposit extracellular matrix, creating an in vitro niche that supports their survival and proliferation in suspension. Undoubtedly, stromal-epithelial interactions are also involved in the generation of the stem cell developmental niche in vivo. Recent observations by Weinberg's group (38) , as well as our own, demonstrate that mammary stroma greatly potentiates the growth and differentiation of human mammary epithelium (from epithelial fragments and mammospheres) in NOD/scid mice. Interactions between the mammosphere-initaiting cells and their progeny and between the cellular and extracellular components of the spheres, dictate the types of divisions (self renewal vs. differentiation) and the cell fate adopted by the cells (lineage commitment). It remains to be determined to what extent this behavior recapitulates events occurring in vivo. One might speculate that signaling initiated by the matrix molecules engages specific sets of integrins expressed by mammary progenitor cells, promoting their survival. Signaling through growth factor receptors present in these cells probably also plays an important role in cell survival. The survival of cancer cells at sites of metastasis may employ similar mechanisms. One important caveat of extrapolating in vitro data to in vivo events has been recently illustrated in the neurosphere system. In vitro conditions altered the potential and fate specification of neural progenitor cells, generating tripotent cells, not seen in vivo (49) .
Cell-Cell Interactions
Cell-cell interactions are crucial for the survival of epithelial cells both in vitro and in vivo. An important component of this process is E-cadherin (50) . Loss of this mechanism of adhesion is probably involved in the massive apoptosis that occurs during mammary involution, following lactation (51) . Interestingly, the resistance of mammary stem/progenitor cells to apoptosis during involution preserves the populations which regenerate the gland during subsequent pregnancies. E-cadherin is a member of a family of single-pass transmembrane glycoproteins that plays a role in establishing cell polarity and tissue morphology (50) . The extracellular domain of E-cadherin interacts homotypically with an E-cadherin molecule on an adjacent cell. The cytoplasmic domain of E-cadherin is linked to the cytoskeleton via interaction with catenins. An important interaction is with beta-catenin, a molecule in the canonical Wnt signaling pathway. The connection between E-cadherin and Wnt signaling and its role in normal breast development and carcinogenesis was the subject of an excellent recent review (52) . We will discuss this connection from the perspective of carcinogenesis which results from deregulated self-renewal of stem cells or acquired selfrenewal by early progenitor cells. Beta-catenin is present in two cellular locations. In association with E-cadherin, it forms the adherens junctions. In the cytoplasm, beta-catenin is present in a complex with proteins such as adenomatous polyposis coli (APC) and axin. In the absence of Wnt signaling, betacatenin is phosphorylated and targeted for degradation (53) . When Wnt is activated, unphosphorylated beta-atenin translocates to the nucleus, where it binds and activates the transcription factors TCF-LEF, which then activates a variety of downstream target genes, including c-Myc and cyclin D1 (54, 55) . It has been recently proposed that the balance between the beta-catenin present in the adherens junctions and that involved in transcriptional activity is controlled by the pool of intracellular APC (56) . Furthermore, evidence from Drosophila studies indicates that APC regulates spindle orientation and asymmetric cell division (57) . An inverse correlation between E-cadherin and Wnt signalling has been noted in various tissues and organs, during development, as well as in cancers (58) . In some human epithelial cancers, E-cadherin gene mutations promote Wnt signalling, as judged by the detection of nuclear beta-catenin in the tumor tissue (58) . It has also been shown that E-cadherin can mediate growth suppression by inhibition of beta-catenin signaling, in an adhesion dependent manner (59) . In cultured mammary epithelial cells, inhibition of E-cadherindependent cell aggregation predisposes to cell death. In vivo studies, utilizing transgenic mice and the Cre/lox recombinase system, demonstrated that alveolar differentiation during lactation is dependent on the expression of E-cadherin (60) . Moreover, as indicated above, disruption of E-cadherin-dependent cell adhesion probably initiates the apoptotic program during mammary involution. The interaction of E-cadherin with beta-catenin appears to mediate these processes. Furthermore, recent studies provided evidence for a converse mechanism, namely nuclear beta-catenin/Lef1 mediated suppression of E-cadherin expression during normal development of hair follicles in mice (61) . The authors propose that the downregulation of E-cadherin may in turn perpetuate the Wnt signalling pathway, by increasing the pool of transcriptionally competent beta-catenin.
The shifting balance between the levels of E-cadherin and cytoplasmic beta-catenin, under the control of Wnt signaling, could remodel cellular junctions, coordinating cell proliferation with cell adhesion during differentiation. We speculate that stem cells and early progenitors, unlike their more differentiated progeny, are not dependent on cell-cell interactions for survival. In support for this hypothesis is the ability of a variety of stem/progenitor cells to survive in suspension culture, as discussed above. Moreover, the mammary small light cells (SLC), described by Smith and Chepko (62) , thought to be stem or very early progenitor cells, lack polarity and specialized membrane contacts with neighboring cells. The absence of gap junction proteins, including connexins, in mammary progenitor cells was described by Trosko et al. (63) . Utilizing, transcriptional profiling of mammospheres as well as differentiated cells derived from mammospheres, we found that E-cadherin expression level increases threefold during differentiation, while repressors of E-cadherin Snail and Slug are downregulated three-and twofold respectively (30) . In the absence of adherens junctions and E-cadherin, most of the beta-catenin will be localized in the cytoplasm. Signaling through the Wnt pathway results in beta-catenin-mediated transcriptional activity that activates different sets of genes, ultimately resulting in self-renewal or differentiation. The outcome probably depends on signals that modulate the Wnt pathway response and the interactions with other pathways involved in fate specification. While differentiation occurs, E-cadherin expression progressively increases, adherens junctions form and the antiapoptotic mechanisms are downregulated. Nuclear beta-catenin and its transcriptional activity decrease (Fig. 3) . Consequently, differentiated cells are not able to migrate, depend on cell-cell adhesion for their survival, and proliferate less. In favor of this scenario gene expression changes induced by beta-catenin transactivation show upregulation of c-Myc, Cyclin D1 (proliferation), stromlysin-1, MMP7 and Twist (migration) and Fig. 3 . Wnt-E-cadherin connection in stem cell self-renewal, differentiation and carcinogenesis. Levels of transcriptionally active beta-catenin and membrane E-cadherin are inversely correlated and change progressively during differentiation. In response to Wnt signaling, stem/progenitor cell E-cadherin is downregulated, the newly synthesized betacatenin is directed towards the cytoplasmic pool and translocates to the nucleus, where it regulates self-renewal. During differentiation, expression of E-cadherin progressively increases and beta-catenin is recruited to the adherens junctions site, decreasing the pool of cytoplasmic beta-catenin available for transcriptional activity. Abnormal activation of
Wnt signaling results in an increase in self-renewal of stem cells or early progenitor cells. Subsequent mutations may lead to cancer initiation and progression.
down regulation of E-cadherin, Ephrin, and BMP4. Furthermore, Fujita et al. reported that these events are under hormonal regulation, and involve the estrogen receptor (64) . They showed that in the mammary gland E-cadherin expression is regulated by the estrogen receptor through MTA3, a component of the Mi-2/NuRD transcriptional repressor complex which is an ER regulated inhibitor of Snail, a repressor of E-cadherin (64) .
During carcinogenesis a key event may be represented by an abnormal activation of Wnt signaling, resulting in an increase in self-renewal of stem cells or early progenitor cells. The Wnt pathway has been associated with both normal development of the mammary gland, from the very early stages of formation of anlage to terminal differentiation during lactation (65) (66) (67) (68) . Also, increasing evidence points to a link between Wnt signaling and mammary neoplasia (69) (70) (71) . Moreover, it appears that the role of Wnt activation in self-renewal of stem cells might be the basis of its oncogenic potential (72) . A number of studies have recently provided evidence for a direct role of Wnt signaling in the self-renewal of normal hematopoietic, epidermal, and gut stem cells (73) (74) (75) (76) . A role for Wnt signaling in self-renewal of mammary stem cells was suggested by recent studies of Alexander et al. who utilized transgenic mice to demonstrate that overexpression of Wnt ligands in mammary stroma or activated beta-catenin in mammary epithelium leads to increased numbers of mammary stem cells (77) . A direct link between selfrenewal of stem/progenitor cells and carcinogenesis was suggested by the study of Li et al. who demonstrated in a mouse model that expression of the components of Wnt-signaling pathway preferentially induces mammary cancers derived from mammary progenitor cells (70) .
Subsequent mutations favored by the increased proliferative activity may occur during cancer initiation and progression. However, some of the traits that confer selective growth advantage to the cancer cells and contribute to local invasion and metastasis are normal attributes of stem cells. The observation that epigenetic mechanisms may be responsible for alterations such as the loss of E-cadherin, during carcinogenesis is consistent with this hypothesis.
CONCLUSIONS
In this article, we have reviewed the development of suspension-based culture systems for the propagation of stem and progenitor cells from the mammary gland, as well as from other organs. The ability of normal stem cells, as well as their malignant counterparts, to survive in suspension culture suggests a common molecular mechanism that may also have significance for the behavior of stem cells in vivo. We discuss evidence suggesting that the Wnt signal pathway and the E-Cadherin-beta-catenin interaction may play a key role in normal stem cell selfrenewal and differentiation, as well as survival. Furthermore, there is accumulating evidence that deregulation of this pathway plays an important role in a variety of neoplasms, including breast cancer. These neoplasms, in turn, may be driven by a small stem cell component within tumors. This stem cell component, resistant to conventional treatments, may contribute to relapse following therapy. Inhibition of pathways, such as Wnt signaling, may thus prove to be a novel therapeutic strategy for selectively targeting this resistant cell population.
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